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(57) ABSTRACT

A method of manufacturing a shroud segment, including
separately molding at least first and second parts by powder
injection molding. The first part has an mner surface and at
least one fluid passage 1n communication with the inner
surface. The second part has an outer surface complemen-
tary to the inner surface of the first part. At least one of the
inner and outer surfaces 1s formed to define a plurality of
grooves. A plurality of cooling passages 1n fluid communi-
cation with the at least one fluid passage are defined with the
plurality of grooves by interconnecting the mner and outer
surfaces while the first and second parts remain 1n a green
state. The interconnected parts are debound and sintered to
fuse the parts to define at least a portion of the shroud
segment 1cluding the cooling passages.
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SHROUD SEGMENT AND METHOD OF
MANUFACTURING

TECHNICAL FIELD

The application relates generally to the manufacturing of
shroud segments 1n gas turbine engines and, more particu-
larly, to the manufacturing of shroud segments including
cooling holes and passages.

BACKGROUND OF THE ART

Turbine shroud segments are typically designed with
many cooling features, such as cooling holes and passages.
Cooling holes and passages are usually created using electric
discharge machining (EDM) operations after the shroud
segment 1s formed. The use of EDM may increase the
manufacturing costs and/or be limited by the accessibility of
the process with respect to the geometry of the shroud
segment.

SUMMARY

In one aspect, there 1s provided a method of manufactur-
ing a shroud segment, the method comprising: separately
molding at least first and second parts by powder injection
molding, the first part being formed to define an arcuate
outer portion of a platform of the shroud segment, the outer
portion having an inner surface and at least one tluid passage
extending through the outer portion and in communication
with the iner surface, the second part being formed to
define an arcuate inner portion of the platform, the inner
portion having an outer surface complementary to the inner
surface of the outer portion, at least one of the mmner and
outer surfaces being formed to define a plurality of grooves;
defining a plurality of cooling passages with the plurality of
grooves by interconnecting the inner and outer surfaces
while the first and second parts remain 1n a green state, the
plurality of cooling passages being 1n fluid communication
with the at least one flmid passage of the outer portion; and
debinding and sintering the interconnected parts to fuse the
parts to define at least a portion of the shroud segment
including the plurality of cooling passages.

In another aspect, there 1s provided a method of manu-
facturing a shroud segment, the method comprising: forming
a first portion of a platform of the shroud segment 1n a green
state through powder 1njection molding such that the first
portion has a first arcuate surface, the first arcuate surface
having a plurality of grooves defined therein; forming a
second portion of the platform 1n a green state through
powder 1njection molding such that the second portion has
a second arcuate surface complementary to the first arcuate
surface; interconnecting the first and second portions 1n the
green state by interconnecting the first and second surfaces,
wherein the grooves 1n the interconnected surfaces define a
plurality of cooling passages, and wherein at least one of
forming the first portion and forming the second portion
includes defining at least one fluid passage 1 fluid commu-
nication with the plurality of cooling passages and with an
outer surface of the platform; and debinding and sintering
the interconnected portions to define the platform including,
the plurality of cooling passages in fluidd communication
with the outer surface of the platiform.
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2
DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying figures in
which:

FIG. 1 1s a schematic cross-sectional view of a gas turbine
engine;

FIG. 2 1s a schematic top tridimensional view of a shroud
segment 1n accordance with a particular embodiment, which
may be used 1n a gas turbine engine such as shown in FIG.
1, with a section broken away in order to show internal
cooling passages;

FIG. 3 1s a schematic bottom tridimensional view of an
outer part of the shroud segment of FIG. 2;

FIG. 4 1s a schematic cross-sectional tridimensional view
of the shroud segment of FIG. 2; and

FIG. 5 1s a schematic partial tridimensional view of the
shroud segment of FIG. 2, showing a manufacturing step in
accordance with a particular embodiment.

DETAILED DESCRIPTION

FIG. 1 illustrates a gas turbine engine 10 of a type
preferably provided for use in subsonic flight, generally
comprising in serial flow communication a fan 12 through
which ambient air 1s propelled, a compressor section 14 for
pressurizing the air, a combustor 16 in which the compressed
air 1s mixed with fuel and ignited for generating an annular
stream of hot combustion gases, and a turbine section 18 for
extracting energy from the combustion gases. Although the
engine 10 1s shown as a turbofan, 1t 1s understood that the
engine 10 may have a different configuration, for example a
turboshaft or turboprop configuration.

Reterring to FIG. 2, a shroud segment 20 1s schematically
shown, configured for example to form a circumierential
portion of an annular shroud surrounding rotating blades of
the turbine section 18 1n a gas turbine engine 10 such as the
one shown in FIG. 1. The body of the shroud segment 20
generally includes an arcuate platform 22 extending between
two side surfaces 26 (only one of which being visible 1n FIG.
2) and defining an mner gaspath surface 24 coming into
contact with the hot combustion gases travelling through the
turbine section 18. The body of the shroud segment 20 also
includes two axially spaced apart retention elements 30
extending radially outwardly from the platform 22 {for
engagement with an adjacent structure of the engine 10 to
retain the shroud segment 20 1n place. In the embodiment
shown, the retention elements 30 are defined as hook struc-
tures having an L-shaped cross-section, but alternate shapes
are also possible. Between the retention elements 30, the
platiorm defines an outer surface 32 opposed to the gaspath
surtace 24.

In a particular embodiment, the shroud segment 20 1s
made of a nickel-based super alloy (e.g. MAR-M247®,
Inconel® 625, any adequate type of nickel super alloy).
Alternate materials are also possible.

In use, cooling air from an adjacent cavity of the engine
in fluid communication with the compressor section 14 1s
directed on the outer surface 32. In the embodiment shown,
the outer surface 32 defines a recess 34 1n which the cooling
air may circulate. The outer surface 32 may be directly
exposed to the cooling air of the engine cavity, 1.e. may
define an exterior surface of the shroud segment 20. Alter-
nately, the recess 34 may be covered by a plate (not shown)
connected to the outer surface 32 around the recess 34 such
that a plenum 1s defined between the plate and the recess 34.
The plate 1s directly exposed to the cooling air of the engine
cavity and has a plurality of cooling holes defined there-
through for circulating the cooling air ito the plenum and
on the outer surface 32.

The platform 22 1s formed such as to allow circulation of
the cooling air therethrough. The platform 22 includes a
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plurality of cooling passages 36 defined in proximity of the
gaspath surface 24. In the embodiment shown, the cooling
passages 36 are defined as a plurality of parallel passages,
but alternate configurations are also possible, including, but
not limited to, curved cooling passages, intersecting cooling
passages, cooling passages having alternate iterconnected
ends to define a continuous zigzag pattern, etc. The platform
22 also 1ncludes at least one fluid passage 38 providing fluid
communication between the outer surface 32 and the cooling
passages 36. In the embodiment shown, two elongated tluid
passages 38 are defined, each having a length extending
along a circumierential direction of the shroud segment 20,
and extending radially from the recessed portion 34 of the
outer surface 32 to intersect and communicate with each of
the cooling passages 36.

The platform 22 of the shroud segment 20 1s manufac-
tured from at least two separate parts, with the cooling
passages 36 being defined at the intersection of the two
parts. Referring to FIGS. 2-3, 1n a particular embodiment,
the first part 50 includes at least an arcuate outer portion 224
of the platform 22. Referring particularly to FIG. 3, the outer
platform portion 22a has an arcuate concave inner surface
52 which 1ncludes a plurality of grooves 56 defined therein,
extending along an axial direction of the platform 22.
Additional recessed portions 58 may be provided in the
iner surface 52, for example at the ends of adjacent ones of
the grooves 56 to define a fluid communication therebe-
tween. The outer platform portion 22a also includes the
outer surface 32 and the fluid passages 38 extending
between the outer surface 32 and the grooves 56. In the
embodiment shown, the entire shroud segment 20 1s defined
by two parts, and accordingly the first part 50 also includes
the retention elements 30 extending from the outer platform
portion 22a.

Referring back to FIG. 2, the second part 60 defines an
arcuate inner portion 226 of the platform 22. The inner
platform portion 225 has an arcuate convex outer surface 62
complementary to the inner surface 52 of the outer platform
portion 22a, such that the cooperating mner and outer
surfaces 52, 62 enclose the grooves 56 to define the cooling
passages 36. In the embodiment shown, the second part 60
1s an arcuate plate having a constant thickness, with the outer
surface 62 having a smooth configuration, 1.e. without
grooves defined therein. In a particular embodiment, the
thickness of the second part 60 1s 0.040 inches or less. In a
particular embodiment, a smaller thickness of the second
part 60 allows for the cooling passages 36 to be defined
closer to the gaspath surface 24 of the shroud segment 20,
which may improve cooling of the gaspath surface 24 when
exposed to the hot combustion gases of the turbine section
18.

Although the grooves 56 are being shown as defined 1n the
inner surtace 52 of the outer platform portion 22a, alter-
nately, the grooves 56 may be defined 1n the outer surface 62
of the 1nner platiorm portion 226 with the mner surface 52
of the outer platform portion 22a¢ having a smooth configu-
ration; alternately, both the inner and outer surfaces 52, 62
may have complementary grooves which cooperate to define
the cooling passages 36.

In a particular embodiment, manufacturing the shroud
segment 20 includes separately molding the first and second
parts 50, 60 by powder 1injection molding, each part 50, 60
being molded to create the respective portion 22a, 2256 of the
platform 22, configured for example as defined above. The
parts 50, 60 are molded to define the complementary inner
and outer surfaces 52, 62, and with the grooves 56 defined
in at least one of the inner and outer surfaces 52, 62. In a
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4

particular embodiment, both parts 50, 60 are molded using
the same feedstock and binder materials. Alternately, the two
parts 50, 60 can be molded using different materials; for
example, the first part 50 defining the outer platform portion
22a may be made from a feedstock of an approprate type of
a nickel-based super alloy (e.g. MAR-M247®, Inconel®
625, any adequate type of nickel super alloy), while the
second part 60 defiming the inner platform portion 226 may
be made from a feedstock of an appropriate material to
define a thermal barrier coating, such as for example an
appropriate type of ceramic. Other suitable matenials are also
possible.

Thus, each part 50, 60 1s created in 1ts green state by
injection molding of a feedstock, which 1s a homogeneous
mixture of an 1nmjection powder (metal, ceramic, glass,
carbide) with a binder. In a particular embodiment, the
metal, ceramic and/or carbide powder 1s mixed with the
molten binder and the suspension of 1njection powder and
binder 1s 1mjected into a mold and cooled to a temperature
below that of the melting point of the binder. Alternately, the
teedstock 1s 1n particulate form and 1s 1njected into a heated
mold where the binder melts, and the mold 1s then cooled
until the binder solidifies. In a particular embodiment, the
binder 1s an organic material which 1s molten above room
temperature (20° C.) but solid or substantially solid at room
temperature. The binder may include various components
such as lubricants and/or surfactants, and may include a
mixture of a lower and a higher melting temperature poly-
mer or polymers. “Green state” or “green part” as discussed
herein thus refers to a molded part produced by the solidified
binder that holds the 1njection powder together.

After the parts 50, 60 are molded and while they are still
in their green state, the cooling passages 36 are defined by
interconnecting the complementary inner and outer surfaces
52, 62 to enclose the grooves 36. The green parts 50, 60 may
be connected using non-detachable connections (i1.e. which
may not be detached without causing damage to the parts) or
detachable connections (1.e. which may be detached without
causing damage to the parts). Examples of connections
between the mner and outer surfaces 32, 62 may include
threaded engagement, dovetail joints, mechanical connec-
tors made of feedstock or filler feedstock including but not
limited to bolts, clips, clamps, couplings, lugs, pins and
rivets, addition of a small amount of molten feedstock to the
junction between the parts, through heating one or more of
the parts 50, 60 near the contacting portions of the surfaces
52, 62 to locally melt the binder, through heating one or
more of the parts 50, 60 at the contacting portions of the
surfaces 32, 62 to locally soiten the binder without melting
it, by using a melted filler feedstock as a glue between the
contacting portions of the surfaces 352, 62, etc. The filler
teedstock may have a different binder than that used 1n the
green parts 50, 60 such as to have a lower melting point to
be liquid or paste-like at a temperature where the green parts
50, 60 remain solid.

In a particular embodiment, the inner and outer surfaces
52, 62 are non-detachably interconnected by heating the
contacting portions 70 of the inner and outer surfaces 52, 62
at a temperature higher than the melting temperature of the
binder in the green parts and lower than the boiling tem-
perature of the binder. In a particular embodiment, the inner
and outer surfaces 32, 62 contact one another along each
non-recessed and non-grooved section of one surface which
1s aligned with a non-recessed and non-grooved section of
the other. In a particular embodiment and as shown 1n FIG.
4, the contacting portions 70 are defined along the perimeter
of the surfaces 52, 62, as well as between each adjacent ones
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of the grooves 56, and each of these contacting portions 70
are 1terconnected at least along a part thereof, for example
through heating.

In a particular embodiment and as shown i FIG. 5, the
contacting portions 70 of the inner and outer surfaces 52, 62
are interconnected by heating using a laser beam 72 directed
on the surface of the inner platform portion 2256 opposed
from the outer platform portion 22a, 1.¢. the exterior surface
defining the gaspath surface 24 of the shroud segment 20.
The heat from the laser beam 72 thus melts the binder
through the 1inner platform portion 225 to weld the contact-
ing portions 70 of the inner and outer surfaces 52, 62. In a
particular embodiment, the gaspath surface 24 1s cooled
during application of the laser beam 72 through the inner
platiorm portion 225, for example by directing cooling air
thereon using one or more fans and/or by circulating cooling,
air through the cooling passages 36 created by the assembly.

In a particular embodiment, the laser beam 72 1s a fanned
laser beam which 1s directed using a numerically controlled
machine tool programmed with the geometry of the shroud
segment 20 to ensure that the laser beam 72 1s directed only
on contacting portions 70 of the inner and outer surfaces 52,
62 and not, for example, 1n one of the grooves 56. In a
particular embodiment, directing the laser beam only on the
contacting portions 70 may avoid or limit deformations 1n
the parts 50, 60 during application of the laser beam. In a
particular embodiment, the laser parameters e.g. power,
frequency, spot size, feed rate, and optionally the amount of
cooling air being circulated on the gaspath surface 24 and/or
in the cooling passages 36 during the application of the laser
beam are selected such as to melt both sides of the joint
between the contacting portions 70 and create a seamless
jo1int.

Once the parts 50, 60 are interconnected through the
connection of the contacting inner and outer surfaces 32, 62,
the mterconnected parts 50, 60 are debound and sintered to
tuse them together to form the shroud segment 20 with the
cooling passages 36 defined therein. In a particular embodi-
ment, the parts 50, 60 are fused during the debinding step
when they are i the brown stage, 1.e. prior to the sintering,
step.

“Brown stage” or “brown part” as discussed herein refers
to a porous and Iriable part that 1s usually defined by an
almost complete absence of binder. The brown part may be
held together by some pre-sintering where a degree of
pre-sintered 1njection powder particles are held together by
a weak interaction of the particles between spaces formed at
points where the binder was originally found, and/or may
include a residual amount of binder that helps to hold the
brown part together before final sintering. The removal of
the binder 1s typically done by either heating or dissolution
with a solvent. In cases where the debinding step 1s per-
formed by heating the part, the temperature of the debinding
step 1s typically lower than that of the sintering step.

In a particular embodiment, the shroud segment 20 1s
sintered with the gaspath surface 24 of the inner platform

portion 22b resting against a complementary surface of a
setter.

The above description 1s meant to be exemplary only, and
one skilled in the art will recogmize that changes may be
made to the embodiments described without departing from
the scope of the mvention disclosed. Modifications which
tall within the scope of the present invention will be appar-
ent to those skilled in the art, 1n light of a review of this
disclosure, and such modifications are intended to fall within
the appended claims.
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The mnvention claimed 1s:

1. A method of manufacturing a shroud segment, the
method comprising:

separately molding at least first and second parts by

powder 1njection molding, the first part being formed to
define an arcuate outer portion of a platform of the
shroud segment, the outer portion having an inner
surface and at least one fluid passage extending through
the outer portion and 1n commumnication with the inner
surface, the second part being formed to define an
arcuate 1nner portion of the platform, the mner portion
having an outer surface complementary to the inner
surface of the outer portion, at least one of the inner and
outer surfaces being formed to define a plurality of
grooves;

defining a plurality of cooling passages with the plurality

of grooves by interconnecting the mnner and outer
surfaces while the first and second parts remain in a
green state, the plurality of cooling passages being 1n
fluiad communication with the at least one fluid passage
of the outer portion; and

debinding and sintering the interconnected parts to fuse

the parts to define at least a portion of the shroud
segment ncluding the plurality of cooling passages.

2. The method as defined 1n claim 1, wherein the parts are
fused during the debinding and prior to the sintering.

3. The method as defined 1n claim 1, wherein the inner and
outer surfaces are non-detachably connected.

4. The method as defined in claim 1, wherein the first and
second parts together define an entirety of the shroud
segment, the first part including at least one retention
clement extending radially outwardly from the outer portion
of the platiform.

5. The method as defined in claim 1, wherein intercon-
necting the inner and outer surfaces 1s performed by heating
contacting portions ol the inner and outer surfaces at a
temperature higher than a melting temperature of a binder in
the green parts and lower than a boiling temperature of the
binder.

6. The method as defined 1n claim 5, wherein at least some

ol the contacting portions are defined between adjacent ones
of the grooves.

7. The method as defined 1in claim 5, wherein the con-
tacting portions are heated using a laser beam directed on an
exterior surface of the second part opposed from the first
part, wherein heat from the laser beam passes through the
second part to weld the contacting portions.

8. The method as defined 1n claim 7, further comprising
cooling the exterior surface of the second part while the heat
from the laser beam passes through the second part.

9. The method as defined in claim 7, wherein the second
part 1s shaped as an arcuate plate having a constant thick-
ness, the outer surface being smooth, the grooves being
defined only 1n the inner surface of the outer portion.

10. The method as defined 1in claim 9, wherein the
constant thickness of the second part 1s at most 0.040 inches.

11. The method as defined 1n claim 1, wherein the first and
second parts are separately molded using different materials.

12. A method of manufacturing a shroud segment, the
method comprising:

forming a first portion of a platform of the shroud segment

in a green state through powder 1njection molding such
that the first portion has a first arcuate surface, the first
arcuate surface having a plurality of grooves defined
therein;




US 9,970,318 B2

7

forming a second portion of the platform 1n a green state
through powder 1njection molding such that the second
portion has a second arcuate surface complementary to
the first arcuate surface;

interconnecting the first and second portions 1n the green
state by interconnecting the first and second arcuate
surfaces, wheremn the grooves in the interconnected
arcuate surfaces define a plurality of cooling passages,
and wherein at least one of forming the first portion and
forming the second portion includes defining at least
one fluid passage in fluid communication with the
plurality of cooling passages and with an outer surface
of the platform; and

debinding and sintering the interconnected portions to
define the platform including the plurality of cooling
passages in fluid communication with the outer surface
of the platform.

13. The method as defined 1n claim 12, wherein the first

and second portions are formed so that the first arcuate
surface 1s concave and the second arcuate surface 1s convex.

14. The method as defined 1n claim 12, wherein the
portions are fused together during the debinding and prior to
the sintering.
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15. The method as defined in claim 12, wherein the first
portion of the platform 1s formed to include at least one
retention element.

16. The method as defined in claim 12, wherein intercon-
necting the first and second arcuate surfaces 1s performed by
heating contacting portions of the first and second arcuate
surfaces using a laser beam directed on an exterior surface
of the second portion opposed from the first portion, wherein
heat from the laser beam passes through the second part to
weld the contacting portions.

17. The method as defined 1in claim 16, wherein at least
some ol the contacting portions are defined between adja-
cent ones of the grooves.

18. The method as defined 1n claim 16, further comprising
cooling the exterior surface of the second portion while the
heat from the laser beam passes through the second portion.

19. The method as defined in claim 12, wherein the
second portion 1s formed as an arcuate plate having a
constant thickness and with the second arcuate surface
having a smooth configuration.

20. The method as defined 1n claim 12, wherein the first
and second portions are separately molded using difierent

materials.
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